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Abstract 
This paper analyses the energy required during the dry drilling of PEEK GF30, a thermoplastic material, polyether-ether-
ketone, reinforced with glass fiber. Three different types of drills are used, respect to material and geometry, under nine cutting 
conditions based on cutting speed of 6000, 7000 and 8000 rpm, and feed rate of 300, 400 and 500 mm/min. The results show 
that similar outcomes are obtained with two drills, one of them, wolfram carbide with coating of TiAlN y another of wolfram 
carbide with point of diamond. This aspect is important due to the economic advantages of the first drill respect to the second 
one. An analysis of variance, ANOVA, shows that the drill type is the more influent factor, and that the optimal situation can be 
given with drill of WC and point of diamond with the higher cutting conditions. The energy required, assigned to the torques, is 
superior to 98%, in each case, question that could be taken in account in the tools design. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion. 
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1. Introduction 
Recently, composite materials, in particular those organic matrix and glass fiber reinforced thermoplastic such 
as polyether-ether-ketone with 30% glass fiber, designated according to the DIN standard, GF30 PEEK (Polyether-
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ether-ketone Glass Fiber 30), are being studied because of their industrial importance. Some applications can be 
seen in gears, bearings or pistons, and they have been extended to various industrial sectors. 
The machinability of this material is known (Davim et al., 2010; Davim and Reis, 2004), but these studies have 
been focused on turning operations, and also some aspects of sustainability such as energy required during drilling 
have not yet been considered. In general, to get good results, it is necessary to use high performance drills (Abrao 
et al., 2007). In fact, there are studies related to solid carbide drills focused on thrust forces, torques and the 
phenomenon of delamination (Singh et al., 2009). However, the latter referenced study, is related to polymers 
reinforced with glass fiber (GFRP - Glass Fiber Reinforced Plastics), without specifying the particular work 
materials by not informing the treated polymer or some have an epoxy matrix (Campos Rubio et al., 2008), without 
being associated with PEEK GF30. Another element missing in the literature concerning the drilling of fiber 
reinforced plastics, is the lack of simultaneous consideration of the force and the torque (Singh et al., 2013), which 
is remedied with the study of the energy consumed during the process. 
This paper presents a statistical and experimental study of energy required for the process and the effect of 
torque in the calculation of the energy required during dry drilling of composite polymeric materials of organic 
matrix, in particular, PEEK GF30, under different conditions cutting and three different drills respect to material, 
geometry and cost. The ultimate goal is to find the drill that causes lower energy consumption. 
2. Materials and Methods 
The tests were carried out in a CNC Machining Center Manga Tongtai TMV-510 with Fanuc control, drilling 
plates of PEEK GF30 with a thickness of 6.5 mm. Table 1 illustrates some of the mechanical and thermal 
properties of this material against the unreinforced PEEK, appreciating how fiberglass has achieved a notable 
improvement in them, thus extending the possibilities of use in the industry. Thus, three types of drills have been 
used under different cutting conditions. Drills materials are uncoated high-speed steel (HSS), coated WC with 
TiAlN and a high performance drill formed by WC with diamond point. Their geometry is also very different, as 
shown in Table 2. 
In the test, the energy has been calculated through the thrust forces and torques determined, in both cases, by a 
Kistler 9257B piezoelectric dynamometer connected to a multichannel amplifier Kistler 5070A and DasyLab 
software, programmed to convert electrical signals into mechanical units (see Fig. 1). This equipment allows to 
obtain values during the execution of the drilling process. The dynamometer is located under a protection 
workpiece and the workpiece to be drilled, both of similar dimensions to the dynamometer to prevent warping 
effects during the measurement of magnitudes to study. 
     Table 1. Mechanical and electrical properties of PEEK GF30 regarding PEEK. 
 PEEK GF30 PEEK 
Density (kg/m3) 1490 1320 
Rockwell Hardness M 103 99 
Tensile strength (MPa) 157 110 
Tensile modulus (GPa) 9.6995 4.482 
Flexural modulus (GPa) 10.309 4.14 
Flexural strength (MPa) 233 179 
Compression strength (MPa) 215 118 
Shear Strength (MPa) 97.2 52.4 
Melting temperature (° C) 343 334 
Heat capacity (J / (g · K) 0.43 0.32 
 
Experimental results have been statistically analyzed by analysis of variance (ANOVA), which identifies the 
significant factors that cause differences between the means of the analyzed values within a confidence level, and 
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according to the results obtained for P-value of an F-test (Spiegel et al., 2012). To accomplish these concepts, the 
software Statgraphics was used. In this paper we have performed the analysis considering confidence intervals at 
95%, so there will be significant differences when P-value is less than 0.05. 
     Table 2. Drills characteristics. 
Material Coating Point angle 
HSS - 130º 
WC TiAlN 140º 
WC Diamond point 90º 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Assembling the workpiece and the dynamometer. 
3. Process energy and torques influence 
This Section shows the energy required in the process under different cutting conditions, an ANOVA analysis to 
statistically determine the factors influencing energy consumption and a study that identifies the influence of 
torques on the energy. 
3.1. Energy required in the process 
Measurement data of energy are taken three times in order to ensure the quality of results. The data processing 
shown in this Section is performed with the average of these three measures, together with the factors and levels 
considered. They are shown in Table 3. 
Table 3. Factors and levels in the calculation of the energy. 
Factor 
Level 
N [rpm] F [mm/min] Dt 
1 6000 300 HSS 
2 7000 400 WC-TiAlN 
3 8000 500 WC-D 
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The energy required for drilling, with different drills and progress can be found in Fig. 2, Fig. 3 and Fig. 4. They 
show that, in general, the energy required is reduced to increase the feed. As expected with the HSS drill worse 
results are achieved, so it takes more energy. The other drills of WC have dissimilar results depending on the feed 
and the rotation speed of the drill. This result is of interest because of the economic advantage that involves using 
WC tool with TiAlN coating. 
 
Fig. 2. Energy required in the process with feed of 300 mm/min. 
 
Fig. 3. Energy required in the process with feed of 400 mm/min. 
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The influence of the feed has been crucial when the feed was smaller; in the Fig. 2, for a value of 300 mm/min 
can be observed that a larger difference by varying the speed of rotation of the drill, in each of the types of drills, 
while these differences are significantly reduced when the feed rate is increased to 500 mm/min. Something similar 
happens with the rotation speed, to increase it, the differences in the energy required is reduced for each type of 
drill. Consequently, we can say that the drills TiAlN coated WC and WC with diamond point, they reach good 
results with high shear conditions, although slightly better with the last drill named. 
Fig. 4. Energy required in the process with feed of 500 mm/min. 
3.2. Analysis of variance 
The results were subjected to analysis of variance (ANOVA), whose results appear in Table 4 for each of the 
principal factors and their interactions, relative to the sum of squares (SS), degrees of freedom (DF), the mean 
square (MS), the F-ratio (Fischer test) and the P-value. This table shows that the factor Dt, the type of drill, has a 
significant effect on the energy, because the P-value is 0.0013, less than 0.05 with a confidence level of 95%. It is 
the only factor with what happens, as with the interactions between factors, which are not a significant effect on 
the calculated energy. Although the feed is cutting condition of considerable importance in the drilling, it cannot be 
surprising that no factor is identified as significant as it is for the level of confidence set, but it can be seen that a 
slight modification of the same (92%) also offers a significant breakthrough. 
Table 4. Results of ANOVA. 
Source SS DF MS F-ratio P-value 
Factor N 9014.18 2 4507.09 0.21 0.8121 
Factor F 152926 2 76462.8 3.62 0.0758 
Factor Dt 725411 2 362705 17.19 0.0013 
Factor N – Factor F 72535.1 4 18133.8 0.86 0.5271 
Factor N – Factor Dt 237102 4 59275.6 2.81 0.0998 
Factor F – Factor Dt 179769 4 44942.4 2.13 0.1685 
Error 168806 8 21100.7   
Total 1.54556E6 26    
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Fig. 5 illustrates the influence of the major factors in energy, and consistent with the results of Table 4, the 
effect of the type of drill is more decisive, and can be seen that values are obtained for drill HSS, 631.687 J, for 
drill of WC with coating TiAlN, 298.126 J, and  271.374 J for the drill with point of diamond. 
Fig. 5. Influence of main factors on the energy. 
3.3. Influence of torques on the energy 
The energy required during the drilling process is produced at a rate higher than 98% for the torque being 
anecdotal, the energy caused by the thrust force, as is shown in Fig. 6. Although slightly lower percentages, this is 
similar to what happened in other materials such as aluminium alloys (Domingo et al., 2011) or titanium (Li et al., 
2007).  
Fig. 6. Influence of the torque on the process energy, in percentage. 
4. Conclusions 
The results provide information different degree of influence of some parameters, but the determining effect on 
the calculation of the energy is achieved when the process (greater than 98% in all cases analyzed). Furthermore, 
the type of drill has been more decisive than the cutting conditions, given the large difference in energy results 
obtained with each drill. 
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Overall, with the drill of WC with point of diamond and under higher shear conditions (8000 rpm and 500 
mm/min) are achieved better results, however the drill of WC with TiAlN coating shows similar results, that is of 
interest due to its much lower cost. 
These findings are important from an environmental perspective, in processes of mass production, where this 
material is often used. 
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